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Protective Activity of Serum from Infected Mice
If production of the circulating antibody is responsible for the crisis phenomenon,, the antiborrelial activity should be found in the crisis serum. Seventy infected mice were divided at random into 7 groups of 10; blood samples were taken by cardiac puncture 3, 4, 5, 7, 10, 15 and 30 days after inoculation. The blood samples of each group were pooled and centrifuged to separate serum.
Each of the serum and its 10-fold serial dilutions was injected subcutaneously into 3 mice, which were simul-Vol. 26 ARIMITSU et AKAMA taneously challenged with the pathogen. Another control group of 3 mice were challenged without administration with any serum sample.
The peripheral blood samples from the challenged mice were examined for borrelemia for 12 days; each surviving animal received a re-injection with the pathogen.
The results are shown in Table I . The serum sample from 3 days' infection showed little, if any, evidence of protection, whereas the sample from 4 days infection clearly showed a protective activity against the challenge. The protection with the sera obtained between 5 and 30 days after infection was more conspicuous. All animals showing positive borrelemia were resistant to the secondary challenge given 20 days after the primary infection, whereas those failed to develop borrelemia after the primary infection were susceptible.
Each of 10-fold dilutions in PBS of the 30th days' serum was transferred into three mice 1 day before, simultaneously, 1, 2 or 3 days after the challenge. Untreated three mice served as the control. The results are summarized in Table II . All the mice pretreated with the serum dilutions 1 day before were protected completely. In the group receiving the serum and the challenge simultaneously, borrelemia was not observed except for one animal transferred with 10-2 serum dilution. However, some animals receiving 10-1 and 10-2 serum dilutions may have been infected since they resisted the subsequent challenge.
All the animals transferred with the serum dilutions 1 day after infection did not develop borrelemia, but most of them may have had latent infection.
In the animals transferred with the serum dilutions on the 2nd day of infection, observed was mitigation in the course of the disease. It seemed that the transfer of the serum and the challenge should be carried out simultaneously to estimate the protective activity of the antibodies.
Therefore, the protection tests were performed by this procedure hereafter.
Estimation of Agglutinating and immobilizing Activities of the 4th
and the 30th Day's Sera
Under dark field microscopy, B. duttonii was agglutinated and immobilized after mixing in vitro with either serum.
No significant difference in the reaction was observed between the crisis serum and the convalescence serum. Within several minutes after mixing, the organisms were agglutinated; the mobility became slower within about 1 hr and ceased within 2 hr. The motility of the organisms mixed with normal mouse serum became a little lower in 2 hr after mixing.
When a mouse at the maximum of borrelemia was injected subcutaneously with 0.2 ml of the convalescence serum, aggregation of the pathogen in the peripheral blood was visible in 5 hr after the transfer, whereas no evidence of in vi vo immobilization or lysis was observed.
Characterization o f Effective Principles in Sera
Each of the 4th and 30th day's sera was filtered through a Sephadex G-200 column. The 19S and 7S globulin and albumin fractions separated from the serum were examined for the protective activities (Table III) . In Experiment 1, the inocula of whole serum were too large and those of the fractions too small to estimate the protective activities. In Experiment 2, the protective activity of the 4th day's serum was demonstrated only in the 19S fraction.
Treatment of the 19S fraction or the whole serum with 2ME abolished the protective activity.
On the contrary, the activity of the 30th days' serum was found mainly in the 7S fraction, which was 
DISCUSSION
The presence of the specific borreliocidal antibody was first proved by Gabritschewsky (1896). Experimental borreliosis was reviewed by Novy and Knapp (1906) ; the crisis and the relapse phenomena were described in detail as the most interesting and important subjects. They observed the agglutinating and borreliocidal agent in the blood samples taken from rats infected with B. obermeieri in a declining or recovering stage. They also demonstrated that the protective activity of the blood in convalescence was considerably higher than that in a declining stage. This disease and the pathogens were reviewed again by Felsenfeld (1965) , who suggested that the borreliocidal activity of the immune sera might have been identical with anti-Borrelia cytolysis, while the immobilizing antibodies might or might not be related to the cytolysin.
The present authors were interested in the role of the antibodies in the crisis phenomenon.
The results demonstrated the protective activity of the circulating antibodies.
The activity was detected not only in the convalescence serum but also in the crisis serum. On the 4th day of infection, some mice were already in the convalescent phase. The fact that the 3rd day's serum showed only a little effect while the 4th day's one was quite effective may indicate that the borreliocidal antibodies begin to develop concurrently with crisis and contribute to the reduction in number of the pathogen in the circulation.
